Previous work has shown that sound penetration into sandy sediments at low grazing angles is greatly enhanced when ripples are present on the seafloor. The reasons for this phenomenon are still under investigation. To this end, a comprehensive understanding of ripple dynamics and their interaction with acoustic penetration into sediments has been sought in two recent initiatives: the Ripples DRI and SAX-04. In parallel with these efforts, our research program seeks to create broad scientific knowledge that underpins the development of predictive tools akin to ripple dynamics and benthic transformations under variable wave forcing. In particular, the program is designed to better understand the genesis, temporal and spatial growth, evolution, dislocations and decay of small-scale ripple morphology on sandy seafloors in shallow waters underlain by homogeneous and heterogeneous sediments. The aim is to study and parameterize critical hydrodynamic processes affecting ripple dynamics and their transformations using laboratory experiments, theoretical analyses and numerical simulations.
improving physical understanding and quantitative predictive skills of flow around ripples, ripple morphology and sand sorting. The research, in part, was guided by the goals of the Ripples DRI. In addition, some work initiated under the Mine Burial Program (MBP) was completed.
WORK COMPLETED
Significant progress has been made over the course of our overall research program on mine burial and ripple dynamics, covering a number of facets, including the development of a hierarchy of ripple dynamics and mine burial models based on laboratory, theoretical and numerical work [4] [5] [6] [7] . During FY 06, the completed research included: (i) comparison of laboratory data with appropriate object burial models as well as investigations on the validity of parameterizations embedded in operational mine burial models [8-9; this completed our MBP research efforts]; (ii) ripple dynamics and bed transformations under variable wave forcing [10] ; (iii) geometrical properties of asymmetric ripples under nonlinear shoaling waves [11] ; and (iv) ripple dynamics and segregation in bi-modal sand mixtures [12] . A large wave tank with progressive shoaling waves along a sandy slope (see, e.g., [5, 6] ) and a recently built towing tank with a sand rig ( Fig. 1) were used. Quantitative data were obtained using high-resolution video cameras, three-component acoustic Doppler Velocimetry (ADV), structured light imaging technique and a high precision Laser Displacement Sensor (LDS) that was loaned by the Keyence Corp. The results are described in [9] [10] [11] [12] and are summarized below. Right -a photograph of the facility.
RESULTS
(i) While sand ripples formed under linear waves tend to be symmetric, nonlinear shoaling waves lead to asymmetric ripples (Fig. 2) . These asymmetric ripples demonstrate self-similarity (Fig. 3) , irrespective of the values of governing parameters used in the experiments [11] . Based on experimental data and theoretical arguments, a dimensionless "universal" similarity profile was derived as
where z*, x* are the dimensionless vertical and horizontal coordinates, respectively, β the slope angle, θ 1 = 35° and θ 2 = 19° are universal angles of inclination of the sides of ripples to the horizontal and the averaged ripple steepness. (ii) Experiments were conducted under variable wave conditions, with cyclic changes of wave forcing [10] . In these studies, waves with small (S) (iv) To investigate ripple formation in a heterogeneous mixture, a series of preliminary experiments [12] was conducted in the oscillatory test rig (Fig. 1) . High resolution measurements of ripple profiles were made using LDS (Fig. 5) . Bi-modal colored spherical beads (blue -fine fraction) were used, and an example of observed ripple morphology is shown in Fig. 6 . As can be seen in Fig. 6(b, c) , the measurements are in satisfactory agreement with model predictions. Qualitative observations revealed rather complex patterns of segregation. Although the initial segregation of fine fraction mostly occurs in ripple troughs (Fig. 6e) , with time segregation on the ripple crest is also possible (Fig. 6g) . 
IMPACT/APPLICATIONS
Ripple dynamics and sand segregation under variable forcing typical of the oceanic coastal zone are not well understood froma fundamental point of view. Our work has made advances in this regard by utilizing integrated laboratory and theoretical/numerical approaches. As Ripples DRI data becomes available, laboratory data will be compared with field observations, with the hope of eliciting physical mechanisms underlying the observations and evaluating the efficacy of laboratory-based parameterizations. The universality of ripple profiles under shoaling conditions is of value in modeling acoustic propagation in the coastal benthic zone, and parameterizations developed for the heterogeneous sediments case will be useful in predicting ripple growth, decay and segregation in such environments.
TRANSITIONS
With regard to mine burial research conducted under the previous grant, we interacted with the field experimental groups of University of South Florida, Naval Research Laboratory and Woods Hole Oceanographic Institution. Attempts were made to compare laboratory results of scour rate, burial and flow regimes with operational mine burial models: WISSP, NBURY and DRAMBUIE. The mine burial regime diagrams and associated formulation have been transitioned to the MBESM development group at JHU/APL. The ripple work conducted over the past year has not been transitioned yet, but the findings are expected to be useful for a broad audience interested in coastal acoustics. 
RELATED PROJECTS/COLLABORATIONS
We have collaborated with Dr. Carl Friedrich (College of William and Mary) with regard to the details of existing operational models and parameterizations and also continued our collaboration with Stephan Grilli (University of Rhode Island) and Diane Foster (Ohio State University) on numerical modeling. Experimental data and semi-empirical formulae developed under the mine burial work are being used by the research community and by the members of the MBP group [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . We will collaborate with Dr. Todd Holland's group of the Naval Research Laboratory with regard to sand segregation and associated ripple formation.
